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(54) Respiration monitor 

(57) A respiration monitor of particular use in detecting infant apnea comprises, in one embodiment, a 
flexible, substantially laminar pad comprising a plurality of strip-like elements 6 of piezoelectric material 
having a metallic coating on opposite faces, the elements being spaced apart from one another and held 
between electrically insulating layers. To give protection against the generation of spurious electrical 
signals, a screening arrangement comprising an envelope formed of electrically conductive material such as 
a metallised plastics is provided which encapsulates the piezoelectric strips and electrical connections 4,8 
to their opposite faces. Foam layers 3 may be applied to both sides of the pad. Another embodiment of 
the monitor comprises a probe for attachment to the skin of a patient in which a strip of piezoelectric film 
is folded into a U-shaped configuration, and both limbs of the film are separated by and also held between 
layers of electrically insulating material. 
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The drawing(s) originally filed was/were informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 

Respiration monitor 

5 This invention relates to a respiration monitor 
in particular of the type used to detect cessa- 
tion of breathing in infants (infant apnea). Sev- 
eral monitors for detecting respiration, heart- 
beat or changes in body shape have been de- 

10 scribed. Some, for example those described in 
U.K. patent specifications 2048485A and 
1,261,357, operate pneumatically. Others in- 
volve the use of a capacitor transducer (for 
example as disclosed in U.K. patent specifica- 

15 tion No. 1,336,488). 

Materials such as polyvinylidene fluoride 
(PVDF), when suitably treated, are known to 
exhibit piezoelectric properties. A thin film of 
such a material may be used to detect move- 

20 ments of the human body wall. By analysing 
the piezoelectric signals generated by the film, 
rt is possible to determine heart rate, respira- 
tory rate and other factors which are of value 
in the understanding of physiological pro- 

25 cesses. 

The apparatus used to analyse the signals 
generated by respiration monitors can take 
various forms and do not of themselves con- 
stitute a part of the present invention. 

30 According to one aspect of the present in- 
vention, there is provided a respiration moni- 
tor which is in the form of a flexible, substan- 
tially laminar pad and which comprises a plu- 
rality of strip-like elements of a piezoelectric 

35 film having a metallic coating on both faces 
thereof, said elements being spaced apart 
from one another and held between two 
layers of an electrically insulating material; an 
electrical screening arrangement for preventing 

40 or reducing the generation of spurious electri- 
cal signals in said elements; and electrical con- 
ductors for conveying piezoelectric signals 
generated by said elements to the exterior of 
the respiration monitor. We have found that 

45 the use of a plurality of strips of piezoelectric 
film is particularly advantageous in that a high 
response to patient movement is achieved. 

Advantageously the monitor includes at 
least one layer of a thin plastics foam materi- 

50 al — e.g. PVC foam about 1 to 2mm in thick- 
ness. The piezoelectric elements are spaced 
from one another and can be arranged in a 
side-by-side configuration. Other arrangements 
may be adopted if desired. The elements can 

55 be sandwiched, at one end, between electri- 
cally conductive foils which are insulated from 
one another in the regi ns between the piezo- 
electric elements. Such foils provide electrical 
connections between the respective upper 

60 faces of the piez electric strips and the re- 
spective lower faces f the strips. A single 
electrical connection can thus be made to 
each of the foils in order to provide the elec- 
trical utput from th monitor. 

65 With a pad-type monitor, we have found it 



essential to provide electrical screening in or- 
der to prevent the generation of spurious elec- 
trical signals. These can arise due to static 
effects, e.g. when a charged surface .is 
70 brought into proximity with the monitor, or 
due to radio frequency interference. Preferably 
the piezoelectric elements and associated elec- 
trically conductive parts of the monitor are en- 
closed in an envelope formed of an electrically 
75 conductive material — e.g. a metallised plastics 
envelope — which is electrically insulated from 
the piezoelectric elements and associated elec- 
trically conductive parts. Such a screening ar- 
rangement, is essentially an external screen. 
80 Alternatively, but less preferably, screening 
can be incorporated into the monitor so as to 
be in physical contact (but not electrical con- 
tact) with the elements themselves. 
Conveniently, the monitor can be fabricated 
85 to be rectangular in form, with sides of about 
15cm by 25cm. 

The piezoelectric elements and their associ- 
ated parts are advantageously overlaid with a 
thin sheet of an electrically insulating material, 
90 e.g. a polyurethane film. Above this there is 
preferably a second layer of a foamed plastics 
material. The whole structure is advantage- 
ously housed in a bag or envelope formed, for 
example, of a plastics material such as PVC. 
95 According to a second aspect of the pre- 
sent invention, there is provided a respiration 
monitor which is in the form of a substantially 
laminar, flexible pad and which comprises a 
layerwise arrangement: (1) a first layer of 

100 foam; (2) a first transverse electrically conduc- 
tive strip secured to said first layer of foam 
close to one edge thereof; (3) a plurality of 
strip-like longitudinal elements of a piezoelec- 
tric film each secured, at one of their ends, to 

105 said first electrically conductive strip and to 
said first layer of foam and spaced apart from 
one another; (4) segments of an electrically 
insulating tape or foil extending between adja- 
cent elements of piezoelectric film so as to 

110 overlie said first electrically conductive strip 
and so as to overlap the edges of said ele- 
ments of piezoelectric film (5) a second 
transverse electrically conductive strip posi- 
tioned so as to overlie said segments of insu- 

115 lating foil or tape; (6) a first electrical connec- 
tor attached to said first electrically conductive 
strip and disposed between said first strip and 
one of the segments of insulating foil or tape; 
(7) a second electrical connector positioned 

120 between one of said segments f electrically 
insulating foil or tape and said second electri- 
cally conductive strip and attached t said 
second electrically conductive strip; (8) a 
screening arrangement for preventing or reduc- 

125 ing the g neration of spurious electrical signals 
in said piezoelectric elements; (9) a second 
layer of foam; and (10) an envelope surround- 
ing the other parts of the mon'rt r, the ar- 
rangement being such that the two layers f 

130 f am hold between them integers (2) to (7) as 
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set forth above; and said envelope having an 
outlet for an electrical cable the electrically 
conductive cores of which are attached to a 
respective one of said first and second etectri- 
5 cal connectors, connectors. 

Advantageously, the screening arrangement 
adopted in the monitor defined above includes 
an envelope which is electrically conducting or 
has a coating or layer which is electrically 

10 conducting. A suitable material is an envelope 
formed of an aluminised polyester material. 

The strip-like elements of piezoelectric film 
are preferably potyvinylidene fluoride. The first 
and second transverse electrically conductive 

15 strips are preferably copper tape. The layers 
of foam are conveniently foamed polyvinyl- 
chloride. The outer envelope surrounding the 
operative elements of the monitor is conveni- 
ently a PVC bag. 

20 According to a third aspect of the present 
invention, there is provided a respiration moni- 
tor in the form of a probe for attachment to 
the skin of a patient, which monitor comprises 
a piezoelectric film having electrical connec- 

25 ttons on opposed surface portions thereof, 
said film being held between layers of electri- 
cally insulating material. 

Advantageously, the piezoelectric film is 
folded over onto itself in the form of a "IT 

30 and is provided with a layer of insulating foam 
(e.g. foam PVC) in the space between the 
limbs of the "U". 

The invention will be described further with 
reference to the accompanying drawings, in 

35 which Figs. 1-6 illustrate the assembly of a 
preferred embodiment of the pad-type respira- 
tion monitor and Fig. 7 illustrates the probe- 
type respiration monitor. 
Referring now to Figs. 1 to 6 of the draw- 

40 ings, the monitor is in the form of a flexible 
pad comprising an outer bag or envelope 
formed of PVC (not shown). A cable 24 
passes through the envelope at one corner 
thereof. The' elements within this envelope are 

45 built up layerwise as illustrated in the draw- 
ings. The lowest layer is a layer 3 of PVC 
foam. This is a flat, spongy layer of about 1.5 
mm in thickness. A screening envelope 
formed of aluminised polyester (not shown) is 

50 secured above the foam layer 3 and contains 
the operative parts of the monitor. Before the 
screening envelope is sealed, the operative 
parts of the monitor are built up layerwise, as 
will now be described. A first transverse elec- 

55 trically conductive strip 4 is secured across 
the screening close to the top edge thereof 
and is in electrical contact with the metallised 
outer surface there f. A first electrical connec- 
t r 21 makes electrical contact with strip 4. 

60 Four parallel strips 6 of piezoelectric polyvinyli- 
dene fluoride film about 10 microns in thick- 
ness are secured to the ends of elements 6 
and to conductive strip 4 in the manner 
shown in Fig. 3. These strips, which are iden- 

65 tical and may be in the range from 5 to 



10mm in width, have metallised ( .g. alumin- 
ised) surfaces. The strips may be cut from 
commercially available piezoelectric PVDF 
sheets, e.g. those sold by Yarsley Research 

70 Laboratories. Segments 7 of an electrically in- 
sulating material (e.g. PVC or polyester film) 
are positioned over the gaps between adja- 
cent strips 6 so as to overlap their edges and 
to cover those parts of transverse electrically 

75 conductive strip 4 between adjacent strips 6. 
A second electrical connector 22 is adjacent 
to one of the segments 7, as. shown in Fig. 
4. 

A second transverse electrically conductive 
80 strip 8 overlies the insulating segments 7 and 
the second electrical connector 22. As shown 
in Fig. 5, the second conductive strip 8 does 
not make direct electrical contact with the first 
strip 4. In the illustrated arrangement, strip 4 
85 is maintained at screen potential, as is the 
lower face of each of the piezoelectric strips 
6. Alternatively, the screen may be held at a 
suitable potential independently of the strip 4 
end. of the PVDF strips 6; for example the 
90 screen may be held at ground potential. The 
second conductive strip 8 makes electrical 
contact with the upper faces of each of the 
strips 6 and acts as a collector for the piezoe- 
lectric signals generated when the elements 6 
95 are flexed. These signals are fed to the core 
of cable 24 via connector 22. When the ac- 
tive parts of the monitor have been assembled 
as described, the screening envelope is 
sealed. Next, an elastic (e.g. polyurethane) 

100 sheet 10 is rolled over the screening envelope 
and a second layer of PVC foam is then rolled 
over the resulting arrangement. Finally, the 
whole assembly is placed into a thin-walled 
PVC envelope. 

105 An alternative construction to that described 
above is to place the screening envelope to 
the exterior of the two layers of foamed PVC; 
appropriate connections would then be made 
to allow the lower faces of piezoelectric strips 

110 6 to be maintained at screen potential. 

The third aspect of the invention will now 
be described by way of example with refer- 
ence to Fig. 7 of the accompanying drawings, 
which shows an exploded view of a respira- 

115 tion probe in accordance with the invention. 

Referring now to Fig. 7, a strip of piezoelec- 
tric polyvinylidene fluoride film 44 having 
metallised feces is folded over onto itself and, 
positioned therebetween, is a flat, spongy 

120 layer 55 of PVC foam. The PVDF film is about 
10 microns in thickness and the foam 55 is 
about 1mm in thickness. The upper surface 
99 of foam layer 55 carries transfer (adhesive) 
tape. One limb of the generally U-shaped el - 

125 ment 44 has on opposite faces thereof pieces 
of copper tape 88 which hold the film in con- 
tact with the c nductrve elements of a co-axial 
cable 111. The piezoelectric element 44 is 
held between two layers 66 of polyurethane 

130 film each of which carries a transfer tape 77 
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on its inward facing surface. The dimensions 
of foam layer 55 should be such as to ensure 
that opposite limbs of piezoelectric element 
44 do not make contact with one another. r 
5 The whole probe assembly is sealed in a suit- 
able envelope, e.g. of PVC film. 

CLAIMS 

1 . A respiration monitor which is in the 
10 form of a flexible, substantially laminar pad 

and which comprises a plurality of strip-like 
elements of a piezoelectric film having a 
metallic coating on both faces thereof, said 
elements being spaced apart from one another 

15 and held between two layers of an electrically - 
insulating material; an electrical screening ar- 
rangement for preventing or reducing the gen- 
eration of spurious electrical signals in said 
elements; and electrical conductors for con- 

20 veying piezoelectric signals generated by said 
elements to the exterior of the respiration 
monitor. 

2. A respiration monitor which is in the 
form of a substantially laminar, flexible pad 

25 and which comprises in layerwise arrange- 
ment: (1) a first layer of foam; (2) a first 
transverse electrically conductive strip secured 
to said first layer of foam close to one edge 
thereof; (3) a plurality of strip-like longitudinal 

30 elements of a piezoelectric film each secured, 
at one of their ends, to said first electrically 
conductive strip and to said first layer of foam 
and spaced apart from one another; (4) seg- 
ments of an electrically insulating tape or foil 

35 extending between adjacent elements of piezo- 
electric film so as to overlie the ends of said 
piezoelectric elements and said first electrically 
conductive strip and overlapping the edges of 
said elements of piezoelectric film; (5) a sec- 

40 ond transverse electrically conductive strip po- 
sitioned so as to overlie said segments of 
insulating foil or tape; (6) a first electrical con- 
nector attached to said first electrically con- 
ductive strip and disposed between said first 

45 strip and one of the segments of insulating 
foil or tape; (7) a second electrical connector 
positioned between one of said segments of 
electrically insulating foil or tape and said sec- 
ond electrically conductive strip and attached 

50 to said second electrically conductive strip; (8) 
a screening arrangement for preventing or re- 
ducing the generation of spurious electrical 
signals in said piezoelectric elements (9) a 
second layer of foam; and (10) an envelope 

55 surr unding the other parts of the monitor, 
the arrangement being such that the tw 
layers of foam hold between them integers (2) 
t (7) as set forth above; and said envelope 
having an outlet for an electrical cable the 

60 electrically conductive cores of which are at- 
tached t a respective one of said first and 
s cond electrical connectors. 

3. A respiration monitor in the form of a 
probe for attachment to the skin of a patient, 

65 which monitor comprises a piezoelectric film 



having electrical connections on opposed sur- 
face portions thereof, said film being held be- 
tween layers of electrically insulating material. 

70 CLAIMS 

Amendments to the claims have been filed, 

and have the following effect: — 

(a) Claims 1 to 3 above have been deleted or 

textually amended. 
75 (b) New or textually amended claims have 

been filed as follows: — 

1. A respiration monitor which Is in the 
form of a flexible, substantially laminar pad 
and which comprises a piezoelectric film and 

80 electrical conductors for conveying piezoelec- 
tric signals to the exterior of the respiration 
monitor, characterized in that the piezoelectric 
• film is in the form of a plurality of strip-like 
elements (6) of a piezoelectric film having a 

85 metallic coating on both faces thereof, said 
elements being spaced apart from one another 
and held between layers (3) of an electrically 
insulating material; and in that there is pro- 
vided an electrical screening arrangement for 

90 preventing or reducing the generation of spuri- 
ous electrical signals in said elements. 

2. A respiration monitor which is in the 
form of a substantially laminar, flexible pad 
including a piezoelectric film, characterised in 

95 that the pad comprises in layerwise arrange- 
ment: (1) a first layer of foam (3); (2) a first 
transverse electrically conductive strip (4) se- 
cured to said first layer of foam (3) close to 
one edge thereof; (3) a plurality of strip-like 

100 longitudinal elements (6) of a piezoelectric film 
each secured, at one of their ends, to said 
first electrically conductive strip (4) and to 
said first layer of foam (3) and spaced apart 
from one another; (4) segments of an electri- 

105 catly insulating tape or foil (7) extending be- 
tween adjacent elements (6) of piezoelectric 
film so as to overlie the ends of said piezoe- 
lectric elements and said first electrically con- 
ductive strip (4) and overlapping the edges of 

110 said elements (6) of piezoelectric film; (5) a 
second transverse electrically conductive strip 
(8) positioned so as to overlie said segments 
(7) of insulating foil or tape; (6) a first electri- 
cal connector (21) attached to said first elec- 

1 15 trically conductive strip (4) and disposed be- 
tween said first strip and one of the segments 
(6) of insulating foil or tape; (7) a second elec- 
trical connector (22) positioned between one 
of said segments (7) of electrically insulating 

120 foil or tape and said second electrically con- 
ductive strip (8) and attached to said second 
electricity conductive strip; (8) a screening ar- 
rangement for preventing or reducing the gen- 
eration of spurious electrical signals in said 

125 piezoelectric elements; (9) a second layer of 
foam; and (10) an envelope surrounding th 
other parts of the monitor, the arrangement 
being such that the two layers of f am hold 
b tween them integers (2) to (7) as set forth 

130 above; and said envelope having an outlet for 
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an electrical cable (24) the electrically conduc- 
tive cores of which are attached to a respec- 
tive ne of said first and second electrical 
connectors (21; 22). 
6 3. A respiration, monitor as claimed in 
claim 1 or 2, characterised in that said screen- 
ing arrangement is an envelope formed of an 
electrically conductive material in which the 
piezoelectric and electrically conductive parts 
10 of the monitor are encapsulated. 

4. A respiration monitor as claimed in 
claim 3, characterised in that said envelope is 
a metallised plastics envelope. 

5. A respiration monitor as claimed in 

15 claim 1, 2, 3 or 4, characterised in that all of 
the components constituting the monitor have 
smooth, substantially texture-free surfaces. 

6. A respiration monitor in the form of a 
probe for attachment to the skin of a patient, 

20 which monitor comprises a piezoelectric film 
having electrical connections on opposed sur- 
face portions thereof, characterised in that 
said film is strip-like in form and folded into a 
U-shaped configuration (44), both limbs of the 

25 film being held between layers of electrically 
insulating material (55; 66). 
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